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Photosensitivity is reported to occur in approximately 40% of patients with juvenile myoclonic epilepsy. Our experience sug-
gests that the prevalence is higher and may be related to both the duration of intermittent photic stimulation and also the age at
which the procedure is undertaken. A two-year retrospective review of all EEGs was undertaken on all children attending a pae-
diatric EEG department to identify those with juvenile myoclonic epilepsy. Photosensitivity was defined as a generalized spike
or spike-wave paroxysm occurring at least twice during intermittent photic stimulation. Sixty-one children with a diagnosis
of juvenile myoclonic epilepsy with a median age of 13 (range 7–16) years were identified, 55 (90%) of whom were photo-
sensitive. Eighteen of these 55 patients showed photosensitivity only after four minutes of continuous photic stimulation. The
prevalence of photosensitivity in juvenile myoclonic epilepsy is likely to be higher than previously reported. When a diagnosis
of juvenile myoclonic epilepsy is being considered, the initial diagnostic EEG should include intermittent photic stimulation
for up to five minutes, or less if the patient shows evidence of photosensitivity. The identification of photosensitivity may have
important management implications.
c© 2000 BEA Trading Ltd
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INTRODUCTION
Photosensitivity is defined by the occurrence of gener-
alized spikes, spike and wave or polyspike and wave in
response to intermittent light stimulation1, 2. Juvenile
myoclonic epilepsy (JME) is the epilepsy syndrome
which is most commonly associated with photosensi-
tivity (PS) with a reported prevalence of 25–42% and
with a female predominance3–8. The identification of
photosensitivity is important for the classification of
the epilepsies and choice of anti-epileptic drug and has
potential management and counselling implications in
areas of leisure, driving and employment. This report
describes the prevalence of photosensitivity in chil-
dren and teenagers with JME. It is not the purpose of
this paper to undertake a critical review of the tech-
nique of intermittent photic stimulation and electronic
screen games and seizures, both of which have been
addressed in detail recently9.
MATERIALS AND METHODS
A two-year retrospective view of electroencephalo-
grams (EEGs) was undertaken on all children attend-
ing a paediatric EEG department between 1st May
1996 and 30th April 1998 with a diagnosis of JME.
The diagnosis of JME was based on the following: age
of onset between 6 and 16 years (the upper age being
determined by the age limit of referrals to this paedi-
atric EEG department), no other neurological disorder
(including learning difficulties), myoclonic seizures
and not receiving any antiepileptic drug at the time of
the EEG and either a normal EEG or an EEG show-
ing paroxysms of generalized spike and slow waves
or poly spike and slow waves observed during the
unprovoked part of the recording obtained in either
the waking or drowsy (sleep-deprived) state. All EEG
recordings were performed with a Schwartzer ED, 24-
channel machine using the international 10–20 elec-
trode placement and with a Schwartzer FS 24 pho-
tostimulator with dimensions of 12 × 3.5 cm2 and
incorporating a line grid. Intermittent photic stimu-
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lation (IPS) was undertaken on all patients with the
photostimulator placed 30 cm in front of the eyes
and the patient asked to fixate on the centre of the
lamp and in a darkened, but not blacked-out room.
The photostimulator comprised of three energy set-
tings −0.4 joule/flash at a maximum frequency of
50 flashes/second, 0.7 joule/flash at a maximum fre-
quency of 35 flashes/second and 1.0 joule/flash at a
maximum frequency of 25 flashes/second. In all pa-
tients the photostimulator was used at the 0.4 and
1.0 joule/flash settings. Intermittent photic stimulation
was initiated at 18 flashes/second with eyes open for
3 seconds and then on eye closure and for a further
3 seconds with eyes shut. Flashes were then delivered
in separate trains of 6 seconds (3 seconds eyes open,
on eye closure and 3 seconds eyes shut) at the follow-
ing frequencies: 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
24, 30, 35, 40 and 50 flashes/second. This process was
then reversed, decreasing from 50 to 1 flash/second us-
ing 6 second trains. The procedure was then repeated
for a maximum of 5 minutes but terminated earlier if
two or more photoparoxysmal responses (PPRs) oc-
curred. Photosensitivity was defined as a generalized
spike, spike-wave or polyspike paroxysm occurring
at least twice during the same frequency of IPS, ir-
respective of its duration or whether it persisted be-
yond the IPS stimulus. Purely occipital or frontal
spikes or slow waves were excluded. EEGs using the
identical technique described above, were obtained on
60 control children matched for age, sex and cognitive
ability who attended for a routine or sleep-deprived
EEG without a history of epilepsy (this included pa-
tients with headache syndromes, syncope or other non-
epileptic attack disorders) and also in 30 children
with childhood-onset typical absence epilepsy (CAE)
(aged 4–10 years) and 30 children with benign partial
epilepsy with centro-temporal spikes (BREC) (aged
4–11 years).
RESULTS
Sixty-one patients (35 females) with a diagnosis of
JME and with a median age of 13 (range 7–16) years
were identified in the two-year period. Fifty-six of
the 61 patients had experienced at least one general-
ized tonic–clonic seizure and 15 were considered to
have experienced absence seizures. All EEGs were
undertaken as part of the initial diagnostic evaluation
and prior to the introduction of any antiepileptic drug.
Fifty-five patients (90%) were photosensitive at flash
frequencies of between 12 and 30 (most frequently at
12–16) flashes/second, 33 of 35 females (94%) and 22
of 26 males (85%). Sixteen (11 female) patients, aged
13–16 years, demonstrated a PPR in association with
a myoclonic seizure involving the arms, legs or trunk.
Thirty-nine (24 female) patients demonstrated a PPR
without any clinical seizure. No patient experienced a
tonic–clonic seizure during IPS. Eighteen (10 female)
of the 55 patients (33%) showed photosensitivity only
after 4 minutes of IPS. There was no difference in the
sex of the patient, whether the EEG was obtained in
the waking or drowsy state, or the occurrence of my-
oclonic seizures between the patients who showed ei-
ther early or delayed (after 4 minutes) photosensitivity.
No photoparoxysmal responses were found in any
of the 60 matched controls or in the 30 patients with
BREC; photosensitivity was demonstrated in four of
the 30 patients (13%) with CAE, one of whom showed
PS only after 4 minutes of IPS.
DISCUSSION
This study has confirmed that photosensitivity is com-
mon in JME but has suggested that the true prevalence
may be higher than has been previously reported and
may well depend on the method of IPS used and par-
ticularly the duration of photic stimulation.
It is difficult to evaluate the true prevalence of pho-
tosensitivity in JME because of the differing def-
initions of photosensitivity and the different tech-
niques/protocols used when undertaking IPS in neu-
rophysiology departments, including for example,
whether a pattern or grid was used with IPS1, 3, 10–12.
The age at which IPS is undertaken is also likely to be
a contributory and confounding factor. It is well rec-
ognized that photosensitivity is more likely to occur,
and reaches a peak in adolescence, usually between 12
and 14 years of age13. This may also be true for chil-
dren and teenagers who do not have epilepsy, with ev-
idence from an earlier study of 120 ‘normal’ children
and adolescents, in which none of the 25 people aged
over 15 years was found to be photosensitive14. The
lower reported prevalence of PS in JME in previous
studies3, 8 could possibly reflect the fact that relatively
older patients (specifically adults) were evaluated in
these earlier studies and possibly at ages when pho-
tosensitivity is less common. This is supported by a
more recent study which demonstrated that although
PS may persist into adult life in a number of patients
with epilepsy, PS may also resolve in the late teenage
years15. Although it could be argued that the age range
of our study population was biased towards those who
are at a high risk of manifesting PS, it must be empha-
sized that this is also the peak age of presentation of
patients with JME.
Photosensitivity in this specific study population
was demonstrated in 37 of the 55 patients (67%) in
the first 4 minutes of IPS, a figure which is greater
than previously reported prevalence rates of PS in
JME. However, an additional 18 patients (33% of
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those who were photosensitive) manifest PS only af-
ter 4 minutes of IPS. Most studies have not speci-
fied the total duration of continuous exposure to IPS
although they have described the duration of each
period of flicker or individual flash frequency. One
study which gave 6 minutes of continuous exposure
of IPS to 120 children, reported the highest preva-
lence of abnormalities (25.8%) in a ‘normal’ popula-
tion14. In this study14, in which the majority of the
children were aged 9–15 years, 17 of the 120 (14.2%)
showed generalized discharges and 14 (11.6%) only
bi-occipital slow waves which probably did not rep-
resent a true PPR. The 17 children with generalized
discharges could be regarded as having genuine PS,
suggesting an usually high prevalence of PS in a ‘nor-
mal’ population14. However, it was not stated whether
children with myoclonic seizures were or were not ex-
cluded from the study and it is also possible that some
of these ‘normal’ children could have experienced my-
oclonic seizures which had not been recognized. Fi-
nally, the authors of this paper did not clarify what they
meant by ‘continuous’ photic stimulation. As far as we
are aware there have been no other reports describing
early or delayed PS during IPS, although it has been
stated that ‘the longer the period of continuous expo-
sure to flickering light the greater the risk of inducing
a fit’11. A recent study employing repeated IPS (over
an unspecified period of time), suggested that an indi-
vidual’s photoparoxysmal response appeared to habit-
uate rather than show potentiation although the differ-
ences were not marked16; other studies have reported
potentiation with repeated stimulation but using differ-
ent methods of IPS17, 18. There was no clear evidence
of either habituation or potentiation in our study pop-
ulation, and specifically in those patients with a pho-
toparoxysmal response occurring only after 4 minutes
of IPS, there was no suggestion of only bi-frontal or
bi-occipital spikes or slow waves prior to the appear-
ance of a generalized PPR.
None of our patients experienced a photically-
induced tonic–clonic seizure, although 16 did experi-
ence a single, brief myoclonic seizure during the EEG,
which appeared to have been induced by IPS. These
seizures were distinct from the ‘photomyoclonic re-
sponse’ described by Bickford et al. which is charac-
terized by frontal spikes synchronous with the flashes
and which reflect myogenic potentials due to rhyth-
mic contractions of the scalp muscles in time with
the flashes1. Although it might seem unwise or un-
fortunate to provoke a photically-induced seizure in
an EEG laboratory, specifically in adults, this may
have no or only limited clinical significance. Most
of these patients would almost certainly have expe-
rienced recent seizures, necessitating their initial di-
agnostic EEG and may have already been advised to
stop driving. The significance of a photically-induced
myoclonic seizure would appear to be even less in a
child or young teenager. Conversely, the identification
of photosensitivity in the EEG laboratory may be im-
portant for a number of reasons. Firstly, it may facil-
itate a more accurate classification of the individual’s
epilepsy, and secondly it may not only make the per-
son aware of potentially photosensitive situations in
the environment (and how to minimize the risks of ex-
posure to them), but also ensure that the most appro-
priate antiepileptic medication is prescribed.
There are potential limitations to this study. Firstly,
it employed a non-standardized method of IPS, al-
though the patients were studied at a time when there
was no accepted and standard procedure and before
the recent publication of a proposed standardized IPS
protocol12. Secondly, the study was retrospective and
involved a relatively small number of patients and
thirdly the population studied may not have accurately
represented those with JME; specifically, it is likely
that within the community, a number of patients who
have experienced only infrequent myoclonic seizures
may not have been diagnosed as having JME, and this
could therefore clearly influence the reported preva-
lence rates of PS in JME, in both this but also earlier
studies. A future study is planned to evaluate a further
group of patients with JME using the recently pub-
lished, recommended standardized IPS protocol12.
Despite the limitations of this study it is our be-
lief that photosensitivity in JME is more common than
previously reported and prolonged IPS is justified to
demonstrate (or exclude) its presence, which may have
management implications.
ACKNOWLEDGEMENT
The authors are grateful to Professor Graham Hard-
ing, Aston University, for his valuable comments and
advice with this manuscript.
REFERENCES
1. Bickford, R. G., Sem-Jacobsen, C. W., White, P. T. and
Daly, D. Some observations on the mechanism of photic and
photo-metrazol activation. Electroencephalography and Clin-
ical Neurophysiology 1952; 4: 275–282.
2. Waltz, S., Christen, H.-J. and Doose, H. The different patterns
of the photoparoxysmal response—a genetic study. Electroen-
cephalography and Clinical Neurophysiology 1992; 83: 138–
145.
3. Wolf, P. and Gooses, R. Relation of photosensitivity to epilep-
tic syndromes. Journal of Neurology, Neurosurgery and Psy-
chiatry 1986; 49: 1386–1391.
4. Wolf, P. Juvenile myoclonic epilepsy. In: Epileptic Syndromes
in Infancy, Childhood and Adolescence. 2nd Edition (Eds J.
Roger, M. Bureau, Ch. Dravet, F. Dreifuss, A. Perret and P.
Wolf). London, John Libbey, 1992: pp. 313–327.
5. Asconape, J. and Penry, J. K. Some clinical and EEG aspects
Photosensitivity in juvenile myoclonic epilepsy 111
of benign juvenile epilepsy. Epilepsia 1984; 25: 108–114.
6. Obeid, T. and Panayiotopoulos, C. P. Juvenile myoclonic
epilepsy: a study in Saudi Arabia. Epilepsia 1988; 29: 280–
282.
7. Mai, R., Canevini, M. P., Pontrelli, V., Tassi, L., Bertin, C., Di-
Marco, C. and Canger, R. L’epilepsia mioclonica giovanile di
Janz: analisi prospettica di un campione di 57 pazienti. Boll.
Lega It. Epil. 1990; 70/71: 307–309.
8. Waltz, S., Beck-Mannagetta, G. and Janz, D. Are there
syndrome-related genetically determined spike and wave
patterns? A comparison between syndromes of generalised
epilepsy. Epilepsia 1990; 31: 819 (Abstract).
9. Binnie, C. D., Harding, G. F. A. and Kastelijn-Nolst Trenite,
D. G. A. Electronic screen games and seizures. Epilepsia 1999;
40 (Suppl. 4): 3–79.
10. Binnie, C. D. Electroencephalography. In: A Textbook of
Epilepsy. 4th Edition (Eds J. Laidlaw, A. Richens and
D. Chadwick). Edinburgh, Churchill-Livingstone, 1993:
pp. 314–325.
11. Harding, G. F. A. and Jeavons, P. M. Photosensitive Epilepsy.
London, MacKeith Press, 1994.
12. Kasteleijn-Nolst Trenite, D. G. A., Binnie, C. D., Harding, G.
F. A. and Wilkins, A. Photic stimulation: standardization of
screening methods. Epilepsia 1999; 40 (Suppl. 4): 75–79.
13. Binnie, C. D. and Jeavons, P. M. Photosensitive epilepsies. In:
Epileptic Syndromes in Infancy, Childhood and Adolescence.
2nd Edition (Eds J. Roger, M. Bureau, Ch. Dravet, F. Drei-
fuss, A. Perret and P. Wolf). London, John Libbey, 1992:
pp. 299–305.
14. Brandt, H., Brandt, S. and Vollmond, K. EEG response to
photic stimulation in 120 normal children. Epilepsia 1961; 2:
313–317.
15. Harding, G. F. A., Edson, A. and Jeavons, P. M. Persistence of
photosensitivity. Epilepsia 1997; 38: 663–669.
16. Toplakara, K., Alarcon, G. and Binnie, C. D. Effects of flash
frequency and repetition of intermittent photic stimulation on
photoparoxysmal response. Seizure 1998; 7: 249–255.
17. Walter, V. J. and Walter, W. G. The central effects of rhyth-
mic sensory stimulation. Electroencephalography and Clinical
Neurophysiology 1949; 1: 57–86.
18. Hishikawa, Y., Yamamoto, J., Furuya, E., Yamada, Y. and
Miyazaki, K. Photosensitive epilepsy: relationship between
the visual evoked responses and the epileptiform discharges in-
duced by intermittent photic stimulation. Electroencephalog-
raphy and Clinical Neurophysiology 1967; 23: 320–334.
